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Abstract—In this letter, a silicon suspended grating without a
substrate is fabricated using micro- and nanolithography tech-
nologies. Experimental measurements reveal that it serves as a
microoptical filter, which is due to guided mode resonance effect
of the grating. Theoretical calculations by a rigorous coupled
wave method prove to be in agreement with the experimental
observations.
Index Terms—Guided mode resonance, microoptical filter,
micro- and nanolithography technologies, rigorous coupled wave
method.
I. INTRODUCTION
PHOTONIC crystal slabs attract a high level of attention be-cause of strong interaction between light waves and nanos-
tructures, and they can be fabricated from a silicon-on-insulator
(SOI) wafer by electron beam lithography and dry etching tech-
niques [1]. Several interesting applications including broadband
mirrors and narrowband filters have been proposed based on
bandgap and guided mode resonance theories of slab gratings
[2]–[5]. Due to a perfect crystal property of silicon (Si), high
optical performance and a low loss in propagation of a confined
wave are obtained when compared with a deposited granular
membrane. When a photonic crystal slab interacts with external
radiations, a light wave vertically incident on the slab couples
with that inside the slab through guided mode resonance [6].
Further, a tunable suspended slab grating is fabricated from an
SOI wafer, combining with a microelectromechanical actuator
[7]. However, since the Si substrate of the SOI wafer usually re-
mains after fabrication in experiments, the backward diffracted
wave from the suspended slab grating is affected by reflection
from the substrate. There are few experimental researches re-
ported on a slab resonant grating without a substrate because of
fabrication difficulty. On the other hand, broadband reflectance
response of Si resonant gratings has already been obtained pre-
viously, while a narrower band is more desirable in filter appli-
cations using this simple structure. In this letter, we present the
design of a high reflectance filter with a moderate bandwidth in
the telecom wavelength region using a guided mode resonance
effect and describe the fabrication process of an one-dimen-
sional Si crystal suspended grating without a Si substrate. The
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Fig. 1. (a) Conceptual structure of a Si suspended grating without a substrate.
(b)–(e) Its fabrication steps in experiments.
spectral response is measured for Si suspended gratings with
and without a substrate, respectively.
II. FABRICATIONS
Fig. 1(a) depicts a conceptual structure of the
one-dimensional Si suspended grating without a sub-
strate. The incident light is vertically irradiated on the grating,
and it will be diffracted backward in different orders. The angle
represents the polarization angle, with and corre-
sponding to transverse-electric (TE) and transverse-magnetic
(TM) polarizations, respectively. The grating period is ;
the grating width is ; the grating thickness is , as shown
in Fig. 1(a). Therefore, the grating filling factor is given by
. From an SOI wafer, the fabrication flow picture is
shown from Fig. 1(b)–(e). The top Si layer and central silicon
dioxide (SiO ) layer of the SOI wafer are both 1 m thick, with
a 200- m-thick Si substrate underneath, as seen in Fig. 1(b).
1041-1135/$25.00 © 2008 IEEE
Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 02,2010 at 01:30:08 EST from IEEE Xplore.  Restrictions apply. 
852 IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 20, NO. 10, MAY 15, 2008
Fig. 2. Calculational reflectance of a Si suspended grating without a substrate
versus incident wavelength and grating period. The red (blue) color represents
reflectance of 1.0 (0.0).
After spin-coating of ZEP520A resist (Zeon Co. Ltd.) and
electron-beam process (ELS3700, Elionix Co. Ltd.), the top
Si layer is etched by the inductively coupled plasma-reactive
ion etching (ICP-RIE) technique (STS, Co. Ltd.), as shown
in Fig. 1(c). Then, using an OFPR800 resist to protect the
backside of the SOI wafer, the Si substrate is etched in the
region under the grating by the ICP-RIE technique, as sketched
in Fig. 1(d). In the ICP-RIE process, to prevent forming a
notch structure, frequency of the platen power is lowered from
13.56 MHz to 380 kHz when the SiO layer is approached.
Finally, in Fig. 1(e), instead of using hydrogen fluoride (HF)
solution, HF vapor is employed to etch the SiO layer to avoid
sticking among the grating beams. Thus, the grating becomes
completely suspended in vacuum.
III. THEORETICAL SIMULATIONS AND
EXPERIMENTAL MEASUREMENTS
For the Si suspended grating without a substrate, we first
investigate its reflectance response theoretically by a rigorous
coupled-wave method (RCWM) [8]. The grating thickness is
m; the grating filling factor is . The incident
wavelength is assumed to be within [1.4 1.7] m. The incident
polarization is TE polarization, i.e., in Fig. 1(a). When
we change the grating period from 0.6 to 1.2 m, reflectance of
the grating is calculated, as shown Fig. 2. The red (blue) color
represents reflectance of 1.0 (0.0). In our calculations, dispersive
property of Si material is taken into account [9]. In Fig. 2, for
some structure parameters, both broad and narrow reflectance
bands can be achieved because of guided mode resonance. For
instance, when the grating period is 0.83 m, we can obtain a
narrow reflectance band, as indicated by the white dashed line
in Fig. 2. The full-width at half-maximum (FWHM) bandwidth
is 0.88 nm.
Fig. 3 shows a scanning electron microscopy (SEM) image
from the back of the fabricated Si suspended grating without a
substrate. The grating period and width are 860 and 419 nm,
respectively; thus the grating filling factor is (
). The grating thickness is 1.0 m.
Because this grating is completely suspended in vacuum, we
should pay much attention for a successful fabrication. For in-
stance, the grating thickness should not be too small and mean-
Fig. 3. SEM image from the back of the fabricated Si suspended grating
without a substrate. The right-top inset is an enlarged SEM image of the
suspended Si grating beams.
Fig. 4. Reflectance of Si suspended gratings with and without a Si substrate.
The blue solid and dotted–dashed curves, respectively, represent experimental
and theoretical reflectance of the Si suspended grating without a substrate. The
red solid and dotted–dashed curves, respectively, represent experimental and
theoretical reflectance of the Si suspended grating with a Si substrate.
while the grating area should not be too large, or the suspended
grating beams will be broken due to deflection or electrostatic
force. In [10], we divided a 50 m 50 m grating region into
four subregions in actual fabrication for the suspended grating
over a Si substrate. In this work, a narrow central ridge is left
to be unetched, which can substantially weaken the mixing ef-
fect of the suspended grating beams, as shown in Fig. 3. In the
right-top inset, an enlarged SEM image of the suspended grating
beams is displayed, in which white and black regions represent
Si grating beams and air grooves, respectively.
Reflectance response of the Si suspended grating without a
substrate is measured for TE polarization and is displayed in
Fig. 4 by the blue solid curve. It is seen from Fig. 4 that a res-
onant reflectance peak emerges around 1.53 m, while the re-
flectance is much lower elsewhere. This can be explained. As is
well known, if grating structure parameters match guided mode
resonance conditions, some diffracted fields will become guided
modes inside the grating and some other diffracted fields will
become leaky modes outside the grating. In this case, the re-
flectance or transmittance will reach its local extremum [11].
Experimental observations reveal that the FWHM bandwidth is
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Fig. 5. (a) Experimental and (b) theoretical reflectance versus polarization
angle for the Si suspended grating without a substrate. The blue, red, green,
and magenta curves correspond to different polarization angles of 0 , 30 , 60 ,
and 90 , respectively.
4.90 nm; the resonant wavelength is 1.5268 m; the maximum
reflectance is 66.22%. The sideband reflectance for nonreso-
nance is about 20%. The blue dotted–dashed curve in Fig. 4 rep-
resents theoretical reflectance calculations of the same grating
by the RCWM. In Fig. 4, theoretical results have a similar re-
flectance spectrum as experimental results. For theoretical re-
sults, the FWHM bandwidth, resonant wavelength, and peak re-
flectance are 3.90 nm, 1.5286 m, and 100%, respectively. In
addition, experimental and theoretical reflectance of a Si sus-
pended grating with a Si substrate is studied for comparison,
as plotted by the red solid and dotted–dashed curves in Fig. 4.
Parameters of the Si suspended grating with a Si substrate are
the same as the above grating except that the Si substrate re-
mains, i.e., the process in Fig. 1(d) was not done. For the Si sus-
pended grating with a Si substrate, experimental measurements
reveal that the FWHM bandwidth, resonant wavelength, and
maximum reflectance are 27.65 nm, 1.5232 m, and 81.19%, re-
spectively; in contrast, the corresponding theoretical quantities
are 24.30 nm, 1.5286 m, and 100%, respectively. From Fig. 4,
in contrast to the Si suspended grating without a substrate, both
experimental and theoretical results demonstrate that the Si sus-
pended grating with a Si substrate has a larger FWHM bandwith
and a higher sideband, which is due to multiple reflection from
the Si substrate. Now let us review all of the above results from
another standpoint. If we compare the experimental and theo-
retical reflectance for either grating, we will know about its fab-
rication tolerance. Compared with the theoretical predictions,
the experimental measurements reveal that FWHM bandwidth
is a little larger, resonant wavelength is a little smaller, and peak
reflectance a little lower. This is probably due to fabrication er-
rors.
All of the above results are for TE polarization. Reflectance of
the Si suspended grating without a substrate versus polarization
angle was also studied. We selected a set of polarization angles
from 0 (TE polarization) to 90 (TM polarization), as defined
in Fig. 1(a). Fig. 5(a) and (b) illustrate the experimental and the-
oretical reflectance results, respectively. The blue, red, green,
and magenta curves represent reflectance distributions for dif-
ferent polarization angles of 0 , 30 , 60 , and 90 , respectively.
It is very obvious that theoretical calculations basically verify
experimental surveys except that the reflectance in experiments
is a little lower. From Fig. 5(a), with the increase of the polariza-
tion angle, the grating resonant effect is gradually suppressed,
while the resonant wavelength remains the same.
IV. SUMMARY
In summary, a Si suspended grating without a substrate is fab-
ricated by micro- and nanolithography techniques, and its re-
flectance response is studied both theoretically and experimen-
tally. Through guided mode resonance of grating structures, a
reflectance peak appears around the telecom wavelength. Theo-
retical calculations testify experimental measurements. Because
the Si substrate under the Si suspended grating is etched, the
sideband for nonresonance is much lowered, in contrast to a Si
suspended grating with a Si substrate. When we change the po-
larization angle from 0 to 90 , the grating resonant effect is
gradually weakened; however, the resonant wavelength remains
the same. It is expected that this kind of gratings should be used
as microfilters, polarization beam splitters, or attenuators in op-
tical telecommunication systems.
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